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(57) ABSTRACT

A system and method for monitoring a sequence of video

packets for quantitying video quality includes a video picture
monitor that accesses data in a header of a video packet

included 1n the sequence of video packets. The header 1s
separate from video content stored 1n the video packet. The
video picture monitor also determines from the accessed data,

a relationship between a portion of a picture included 1n the
video packet and at least a portion of a picture included in
another video packet. Both video packets are included in the

sequence of video packets. This relationship 1indicates
whether to use the video content stored in the first video

packet to quantily video quality.
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SYSTEM AND METHOD FOR MONITORING
VIDEO PACKETS FOR QUANTIFYING
VIDEO QUALITY

RELATED APPLICATION

This application 1s a divisional of U.S. application Ser. No.
11/210,810, filed Aug. 24, 2005. The entire teachings of the

above application are incorporated herein by reference.

TECHNICAL FIELD

This disclosure relates to monitoring video packet trans-
mission through a network and, more particularly, to detect-
ing lost video packets to determine the atfects on video qual-

1y.
BACKGROUND

As the amount of video content transmitted over networks
increases, there 1s a growing need to monitor the quality of
video content that 1s provided to end users. This 1s paramount
in packet-based networks, such as the Internet, in which pack-
ets may not be delivered 1n a timely fashion or may be lost
during delivery. By losing packets, the video provided to the
end users may appear erratic or frozen for periods of time. To
alert a video content provider to these periods of poor quality,
the video content 1s monitored. Subjective, objective, or a
combination of subjective and objective measurement tech-
niques may be implemented for monitoring the video content.
In general, subjective measurement techniques include
human nput and opinions whereas objective measurements
are based on algorithms and methodologies that provide
accurate and repeatable results. Since subjective measure-
ments include one or more persons judging video quality,
typically these techniques are considered impractical for
measuring and assuring video quality in high volume situa-
tions. Consequently, the need for objective measurement
algorithms and methodologies that are absent human inter-
vention are in ever-increasing demand.

As mentioned above, as a sequence of video packets 1s sent
from a source to one or more destinations, mnevitably some of
the packets are lost in route. To detect this packet loss, as each
packet arrives at a destination, the packet may be accessed to
retrieve a sequence number stored in the packet. This
sequence number 1dentifies the position that the packet 1s
located 1n the sequence. By arranging the received packets
based on these sequence numbers, the packet sequence may
be reconstructed for presenting the video content to an end
user.

In addition to losing video content, by losing individual
video packets, one recetved video packet may be affected by
the loss of another video packet. For example, video content
stored 1n one video packet may be dependent upon video
content stored 1n another video packet. Due to this inter-
packet relationship, the video content of a received video
packet may not be properly decoded 11 the recerved packet
depends upon a lost video packet. Thus, even though a video
packet has been recerved and designated as valid, by losing,
another video packet included in the same packet sequence,
the video content stored in the recerved packet may be non-
presentable to end users.

SUMMARY OF THE DISCLOSUR.

(L]

In accordance with an aspect of the disclosure, a method of
monitoring video packets includes accessing header data in
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one video packet that 1s included 1n a sequence of video
packets. The header of the video packet is separate from video
content stored in the video packet. The method also includes
determining from the accessed data, a relationship between a
portion of a picture included in the video packet and at least a
portion of a picture included 1n another video packet that 1s
included 1n the sequence of video packets. The relationship
indicates whether to use a portion the video content stored 1n
the first video packet.

In one embodiment, the method may further include deter-
mining from the accessed data, a relationship between a por-
tion of the picture included in the first video packet and a
portion of a picture included 1n a third video packet that 1s
included 1n the sequence of video packets. The method may
also include designating the video content portion of the first
video packet as a lost or detected video packet due to the
relationship between the picture portions included in the
video packets. The method may also include designating the
video content portion of the first video packet as a lost or
detected due to the relationship between the picture portions
and whether the second video packet has been lost or
detected. Accessing the data 1n the header of one of the video
packets may include identifying the type of picture contained
in the video packet. Accessing the data in the portion of the
header of the first video packet may includes i1dentifying a
macro-block contained 1n the first video packet. The portion
of the second video packet may include an independent or
dependent picture. The video packet may include an I-picture,
a P-picture, or a B-picture. The method may also include
designating a portion of another video packet (that 1s included
in the sequence of video packets) as lost unless the video
packet includes an I-picture. The portion of the picture 1n one
packet and the portion of the picture 1n the second packet may
be 1mncluded 1n the same picture or 1n separate pictures. The
portion of the picture may include a macro-block. The
sequence of video packets may be received by a destination
computer system or by a computer system that 1s not located
at the destination of the sequence of video packets. The
sequence of video packets may be compressed to comply with
such compression formats as an MPEG format, an H.264
format, or a Window Media Video format.

In accordance with another aspect of the disclosure, a
system for monitoring a sequence of video packets includes a
video picture monitor that accesses data in a header of a video
packet included 1n a sequence of video packets. The header 1s
separate from video content stored 1n the video packet. The
video picture monitor 1s also determines from the accessed
data, a relationship between a portion of a picture included 1n
the video packet and at least another portion of a picture
included in another video packet that i1s included 1n the
sequence of video packets. This relationship 1indicates
whether to use a portion of the video content stored 1n the
video packet.

In one embodiment, the video picture monitor may deter-
mine from the accessed data, a relationship between a portion
of the picture included 1n the first video packet and a portion
of a picture included 1n a third video packet that 1s included 1n
the sequence of video packets. The video picture monitor may
designate the portion of the first video packet as a lost or
detected video packet due to the relationship between the
picture portions included in the video packets. The video
picture monitor may also designate the portion of the first
video packet as a lost or detected video packet due to the
relationship between the picture portions and whether the
second video packet has been lost or detected. Accessing the
data 1n the header of one of the video packets may include
identifying the type of picture contained 1n the video packet.
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To access the data in the portion of the header of the first video
packet, the video picture monitor may identify a macro-block
contained 1n the first video packet. The portion of the picture
in the second video packet may include an independent pic-
ture or a dependent picture. The video packet may include an
[-picture, a P-picture, or a B-picture. The video picture moni-
tor may also designate a portion of another video packet (that
1s included 1n the sequence of video packets) as lost unless the
video packet includes an I-picture. The portion of the picture
in the first packet and the portion of the picture 1n the second
packet may be included in the same or separate pictures. The
portion of the picture 1n the first packet may include a macro-
block. The sequence of video packets may be received by a
destination computer system or by a computer system that 1s
not located at the destination of the sequence of video pack-
ets. The sequence of video packets may be compressed to
comply with such compression formats as an MPEG format,
an H.264 format, or a Window Media Video format.

In accordance with another aspect of the disclosure, a
computer program product residing on a computer readable
medium has stored instructions that when executed by a pro-
cessor, cause the processor to access data 1n a header of a
video packet included in a sequence of video packets. The
header 1s separate from video content stored in the video
packet. The executed instructions also cause the processor to
determine from the accessed data, a relationship between a
portion of a picture included 1n the video packet and at least
another portion of a picture included 1n another video packet
that 1s included 1n the sequence of video packets. The rela-
tionship indicates whether to use a portion of the video con-
tent stored 1n the first video packet.

In one embodiment, the computer program product may
include further instructions to designate the portion of the
video packet as a lost or detected based on the relationship
between the picture portions mncluded in the video packets.
The computer program product may include further mstruc-
tions to designate the portion of the first video packet as lost
or detected video packet based on the relationship between
the picture portions included in the video packets and the
absence or detection of the other video packet. Accessing the
data in the header of the video packet may include identifying
the type of picture contained 1n the video packet. The com-
puter program product may further include instructions to
designate a portion of another video packet included 1n the
sequence of video packets as lost unless the video packet
includes an I-picture. The sequence of video packets may be
received by a destination computer system or a computer
system that 1s not located at the destination of the sequence of
video packets.

In accordance with another aspect of the disclosure, a
system and method for quantifying an end user experience of
a video session includes a video picture momtor that desig-
nates a figure of merit to the video session. The figure of merit
1s determined from a group of factors that includes a count of
lost video content. To determined the lost packet content, the
video picture monitor accesses data in a portion of a header of
a first video packet included 1n a sequence of video packets.
The sequence of video packets 1s associated with the video
session. The header 1s separate from the video content stored
in the first video packet. The video picture momitor also deter-
mines from the accessed data, a relationship between a por-
tion of a picture included 1n the first video packet and at least
a portion of a picture included in another video packet
included 1n the sequence of video packets. The relationship
indicates whether to designate a portion of the video content
stored 1n the first video packet as lost.
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In one embodiment, the group of factors may further
include additional factor such as a factor that represents
latency associated with the sequence of video packets and/or
a factor that represents jitter associated with the sequence of
video packets.

Additional advantages and aspects of the present disclo-
sure will become readily apparent to those skilled 1n the art
from the following detailed description, wherein embodi-
ments of the present imnvention are shown and described, sim-
ply by way of illustration of the best mode contemplated for
practicing the present mvention. As will be described, the
present disclosure 1s capable of other and different embodi-
ments, and 1ts several details are susceptible of modification
in various obvious respects, all without departing from the
spirit of the present disclosure. Accordingly, the drawings and

description are to be regarded as 1llustrative 1n nature, and not
as limitative.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram representing a network of com-
puter systems configured to transmit and receive video pack-
ets.

FIG. 2 1s a block diagram that represents monitoring a
sequence of video packets that 1s transmitted between a
source and a destination computer system included in FIG. 1.

FIG. 3 1s a diagram representing portions of one video
packetthat1s included in the sequence ol video packets shown
in FIG. 2.

FI1G. 4 1s a diagram representing some of the video packets
included in the sequence of video packets shown 1n FIG. 2.

FIG. 5 1s a chart that compares a conventional packet
monitoring system and a video picture monitor that identifies
inter-packet relationships.

FIG. 6 1s a flow chart that represents some operations of a
video picture monitor that identifies inter-packet relation-
ships.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Retferring to FIG. 1, a network 10 (e.g., the Internet, a
wide—area network (WAN), etc.) allows a group of computer
systems 12, 14, and 16 to share video content by transmitting,
and/or receiving video packets. In this exemplary network,
computer systems 12-16 are connected to network 10 via
hardwire connections, however 1in other arrangements wire-
less technology (e.g., radio frequency (RF), infrared (IR),
ctc.) may be implemented to provide connectivity. Addition-
ally, network 10 may be connected to one or more other
networks for further propagation of the video content. To
illustrate this network scalability, additional computer sys-
tems 18 and 20 are connected by a local area network (LAN)
22 to network 10. As 1s known to one skilled in the art of
network design and network applications, various types of
equipment (e.g., routers, switches, etc.) and methodologies
(e.g., video-teleconferencing applications) may be imple-
mented for sharing video content. Additionally, while desk-
top computer systems are shown connected to network 10
(and LAN 22), in other arrangements computer systems
12-20 may include laptop computer systems, personal digital
assistants (PDA), cellular telephones or other types of devices
capable of transmitting and presenting video content.

Referring to FIG. 2, some of the computer systems con-
nected to network 10 are presented to 1llustrate the transmis-
s1ion and delivery of video content through the network. In this
exemplary arrangement, computer system 12 transmits video
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content through network 10 for reception at computer system
16. Various types of applications may call for such video
transmissions, for example, a video-on-demand (VOD) sys-
tem may be implemented to provide video content that 1s
stored on a storage device 24 associated with computer sys-
tem 12. Along with transmitting video content for uni-direc-
tional applications, video content may also be bi-direction-
ally transmitted among two or more computer systems. For
example, video content (along with audio content) may be
transmitted 1n a bi-directional fashion for a video teleconter-
ence application.

To transmit the video content between the computer sys-
tems the content 1s segmented and stored in a sequence of
discrete packets. Along with segmenting, the video content
may be compressed to alleviate the need for relatively high
data transier rates and large storage capacity. Upon receipt,
the compressed video content may be de-compressed for
presentation or stored on a storage device 26 for retrieval and
presenting at a later time. To provide this compression and
decompression functionality, computer systems 12 and 16
include respective Coder/Decoders (codec) 28 and 30. These
codecs may be implemented 1n hardware, software, or a com-
bination hardware and software. For example, dedicated
hardware codecs are available either as add-1n computer cards
or are integrated into video cards. Typically hardware-imple-
mented codecs reduce the computing load on the central
processing unit (CPU) of a computer system, thereby allow-
ing the computer system to perform other tasks.

Codecs 28 and 30 may be configured to compress and
decompress video content into one or more formats that are
known to one skilled 1n the art of data compression and
decompression. For example, formats defined by the motion
picture experts group (MPEG) (e.g., MPEG-1, MPEG-2,
MPEG-4, etc.) including MPEG-4 part 10, also known as
MPEG-4 Advanced Video Coding (AVC) or H.264 may be
implemented. Other formats such as Windows Media Video
(MWV-9) or Windows Media Video Professional (WMV-9
Pro) may be implemented as a compression scheme.

To 1illustrate transmission of segmented and compressed
video content, a sequence of video packets 32 1s shown propa-
gating from computer system 12 to network 10. In this
example the packets are transmitted for a uni-directional
application (e.g., VOD) from the source computer system to a
destination computer system (1.e., computer system 16). As
packet sequence 32 propagates to network 10 and onto com-
puter system 16, individual video packets or groups of video
packets may be lost or corrupted while 1n transit. By losing
some of the packets, the video content that 1s stored 1n these
packets 1s also lost. Thereby, when the video content 1s
decompressed and reordered, all of the originally transmaitted
video may not be present at the destination computer system.
Due to this lost content, the presented video may appear jerky
or temperately frozen for periods of time.

Typically, for umi-directional and bi-directional video
transmitting applications, personnel located at the source of
the video content and end users located at one or more desti-
nations of the video content are interested in quality of the
provided video service. For example, video sequence 32 may
originate at a VOD service provider (e.g., a cable television
station) that provides video content (e.g., movies, sporting
events, etc.) to subscribers. In order to retain current subscrib-
ers and attract future ones, the service provider may be inter-
ested 1n quantitying the quality of the video session. For
example, to quantity the video quality, a figure of merit may
be determined that represents the amount of video content
lost 1n transmission (along with other factors). By comparing
the number of lost (or non-lost) packets to total packets sent,
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this measure of quality may be quantified. To gain an accurate
count of lost video and an understanding of the viewing
experience provided to an end user, video packets may be
monitored as they are recerved at the destination. For
example, computer system 16 includes a video picture moni-
tor 34 that monitors the video packets received by the com-
puter system. By interrogating the packets, the number of lost
packets may be determined and used to quantitatively
describe the viewer experience. Once determined, the number
of lost packets may be provided to the VOD service provider
so that corrective steps may be taken to improve the provided
video quality. Along with improved customer care, a service
provider may provide better performance assurance.

Along with monitoring the end user experience to improve
video services, video packet monitoring may also be per-
formed at other locations between the source and the one or
more destinations. For example, 11 the video presented to an
end user 1s below a pre-defined quality standard, the video
sequence may be monitored at one or more points along the
transmission path between the source and the destination
sites. By monitoring at one or multiple points along the trans-
mission path, the approximate location or locations of the
transmission disturbance may be identified and potentially
corrected. This trouble-shooting functionality may be
executed by the same entity that provides the video content
(e.g., a VOD service provider) from the source computer
system. Alternatively, a separate business entity may monitor
the video quality for uni-directional or bi-directional video
transmission applications (e.g., video-teleconterencing). By
monitoring video packet sequences at the source, one or more
destinations, or points between, the separate business entity
or entities could generate revenue by charging a subscription
fee to the video content source and/or end users.

In this 1llustrative arrangement, the trouble-shooting capa-
bility 1s provided by computer system 14 that 1s also con-
nected (directly or indirectly) to network 10. By monitoring
one or more points along the transmission path (e.g., from
source computer system 12, through network 10, to destina-
tion computer system 16), computer system 14 may isolate
particular locations where video packets are lost during trans-
mission. To detect packet loss, computer system 14 includes
a video picture monitor 36. Similar to video picture monitor
34 (included 1n computer system 16), video picture monitor
36 may be implemented in hardware or software (or a com-
bination or hardware and software). Additionally, to decom-
press the video packets being momtored (and also to provide
a packet compression capability), monitoring computer sys-
tem 14 also includes a codec 38. For storing information such
as lost packet amounts and statistics, a storage device 40 (e.g.,
hard drive, compact disc writer, etc.) 1s 1n communication
with computer system 14.

In this particular arrangement video packet sequence 32 1s
provided from a single source (1.e., computer system 12),
however, 1n some arrangements the packet sequence may
arrive at the one or more destinations from multiple sources.
Also, 1n this example the video content provided from com-
puter system 12 contains actual video content for presenting
to an end user. However, 1n some arrangements video packet
sequence 32 may contain video content that 1s specifically
produced and tailored for testing one or more transmission
paths between the source and destination(s).

Referring to FIG. 3, a block diagram 1s shown that repre-
sents the contents of an exemplary video packet 42 that may
be included in packet sequence 32. In general, video packet
42 includes a header portion 44a and a video payload portion
44b. Header portion 44a includes mnformation such as data
that identifies which sequence video packet 42 1s included and
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the relationship between the video packet and other video
packets included in the sequence. Video payload portion 445
includes data that represents the video content being trans-
ported by the video packet 42. Additionally, to transmit the
video content at a reasonably attainable data rate, video
packet42 may be compressed using one or more compression
schemes (e.g., MPEG-1, etc.).

In exemplary video packet 42, header portion 44a 1s seg-
mented into multiple sections. Section 46 of the header con-

tains data for implementing and complying with the User
Datagram Protocol (UDP) and the Internet Protocol (IP).
Typically video and audio packet streaming applications
(e.g., VOD, videoconierencing, voice-over-IP (VolP), etc.)
implement UDP since this protocol does not retransmit erro-
neous or dropped packets. Under UDP, video packets are
transmitted once, thereby, UDP 1s “connectionless’™ and does
not execute a handshake to start a session. Header 44 also
includes a section 48 that contains data for complying with
the Real-Time Transport Protocol (RTP). RTP 1s an Internet
protocol standard that provides rules and methodologies for
managing the real-time transmission of multimedia data for
uni-cast or multicast applications. RTP section 48 stores
information such as data that identifies the source of the video
packet and type of encoding applied to the contents of video
payload 44b. The RTP segment also includes a timestamp that
1s used to determine the presentation time and jitter of the
video content presented to the end user. Markers are also
stored 1n the RTP segment for defining the beginning and end
of a video picture that 1s encapsulated in multiple packets. Of
particular interest for this application, RTP section 48
includes a number for 1dentifying the location of the packet
with respect to other packets in the video packet sequence. By
tracking these packet locations, a conventional packet moni-
toring system may determine 1f one or more packets have
been lost or delayed 1n transit.

As mentioned above, video packet 42 maybe compressed
so that the content may be transmitted at a data rate support-
able by the source and destination computer systems along
with the network that connects the computer systems. For
example, compression techniques such as one of the MPEG
formats may be implemented to reduce the data needed to
represent a video picture or portion of a video picture stored
in each packet. In general, MPEG achieves high compression
rates by storing visual changes from one picture to another,
instead of storing an entire picture 1n each packet. The video
information 1s then encoded by an algorithm such as the
discrete cosine transtorm (DCT) to reduce the data needed to
represent a video picture or portion of a video picture. Addi-
tionally, techniques used to predict the contents of later video
pictures, known as motion compensation, may be imple-
mented to reduce the amount of data needed for transmission.
Portion 50 of header 44a (labeled as video header) includes
data that may be used to 1dentily the relationship between the
video content stored 1n video packet 42 and video content
stored 1n one or more other packets. In some arrangements, to
identily these inter-packet relationships, three types of video
pictures may be stored 1n each video packet.

The first of the three picture types 1s an “Intra coded”
picture (also known as an I-picture). An I-picture 1s an inde-
pendent picture 1n the sense that it does not reference video
content of another picture 1n a sequence of video pictures.
Since I-pictures are independent, a decoder typically starts
decoding a video sequence with an I-picture and not with
another type of picture. Thereby, to provide starting points,
I-pictures are typically mnserted every 12 to 15 pictures of a
video sequence.
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The second type of video picture 1s a “Predicted” picture
(also known as a P-picture). A P-picture 1s encoded to include
content that represents the differences between the video
content of the P-picture and an I or another P-picture that are
located earlier (e.g., directly before) in the packet sequence. A
new P-picture 1s encoded by taking a previous I or P picture
and predicting the values of each new pixel included 1n the
new picture. Since P-pictures represent differences in the
picture pixels, typically these pictures have larger compres-
sion ratios compared to I-pictures. The third type of picture 1s
a “Bidirectional” picture (also known as a B-picture). B-pic-
tures use prediction 1n a manner similar to P-pictures, how-
ever, B-pictures may be related to an I or P-picture located 1n
a previous position within the sequence and a P-picture
located after the B-picture. Since B-pictures may need both
previous and subsequent pictures for appropriate decoding,
the order 1n which the pictures are accessed 1s not the same as
the order for presentation. This provides improved compres-
sion compared to P-pictures.

Referring FIG. 4, a sequence of video packets 52 1s repre-
sented by a series of individual blocks that represent each
video packet. Similar to the video packet shown 1n FIG. 3,
cach block represents one video packet that includes a header
portion and stores video content 1n a video payload portion.
Each video packet header includes an assigned integer num-
ber to order the video packets into a sequence for displaying
their contents to an end user. The figure shows an integer
number in the RTP portion of each header to i1dentify its
position in the sequence. For illustrative purposes, the inte-
gers increment by one 1n this example, however, the video
packets may also be received out of order and reassembled at
the destination computer system. Additionally, 1n this 1llus-
tration, each picture 1s completely encoded 1n a single video
packet and each video packet contains a single picture.

Along with storing the integer numbers to identify the
sequence order, each video packet contains data that identifies
the type of picture stored i1n the packet. Similar to video
packet 42 shown 1n FIG. 3, a portion of each video packet
header includes data that identifies 11 the video picture 1s an
I-picture, a B-picture, or a P-picture. Due to the inter-packet
relationships based on the picture types, the picture types are
typically interwoven into the video packets to produce a
packet sequence with a deterministic pattern. For example,
alter an initial I-picture, B-pictures and P-pictures may be
inserted 1n an alternating fashion (e.g., I-picture, B-picture,
P-picture, B-picture, P-picture, etc.). In a similar scenario,
multiple B-pictures may be inserted between single P-pic-
tures (e.g., I-picture, B-picture, B-picture, P-picture, B-pic-
ture, B-picture, P-picture, etc.). This later exemplary pattern
may be compressed at a higher compression ratio than the
former interweaving pattern.

As video packet sequence 52 transits from the source com-
puter system (e.g., computer system 12) to the one or more
destination computer systems (e.g., computer system 16),
some of the packets may be lost. Packet loss may also be
caused by a network device that interacts with the video
packets as they transit from the source to the destination(s).
For example, packet sequence 52 may experience one or more
queues during transmission. If these queues have a relatively
small s1ze, one or more of the packets may be lost based on the
s1ze of the packets and the size of the queues. Correspond-
ingly the video content stored in the packets 1s lost. Even
though portions of the overall video content may be lost, the
video content received at the one or more destination com-
puter systems may still be presented to the end user(s). So,
while packet loss may not halt presentation of the packets
received, the lost content may cause the presented video
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content to appear degraded. Further, as the number of lost
video packets increases, the viewing experience of the end
user continues to degrade until the video content 1s undeci-

pherable.

By monitoring the video sequences received at the desti-
nation computer systems, the amount of packet lass can be
quantified and used as an alert to indicate that the viewing
experience has degraded below what a reasonable end user
would expect or more importantly would purchase or con-
tinue a subscription. Along with quantifying packet loss,
other parameters may be produced to quantily the viewing
experience of the end user. For example, packet latency may
be quantified to characterize time delay due to codecs, encod-
ers/decoders, stacks (e.g., transmitter stack, receiver stack,
queuing delay, etc.), networks, applications executed on the
source computer system and/or destination computer
system(s), or other hardware or software associated with the
transmission of video packet sequence 52.

To determine the amount of lost video packets, a conven-
tional packet monitoring system may access the header por-
tion of each video packet recerved at one or more of the
destination computer systems. By accessing the contents of
cach header, the conventional packet monitoring system can
determine 1f a previously sent packet was lost during trans-
mission. In particular, by interrogating the RTP portion of
cach header, the conventional packet monitoring system can
appropriately order the received video packets to produce the
packet sequence. Gaps 1n the packet sequence may then be
detected to indicate the number of lost video packets and their
locations in the sequence. Along with quantifying packet loss,
other metrics such as packet latency and jitter may be quan-
tified to characterize the viewing experience being presented
to the end user(s).

By accessing the RTP header portion of the video packets,
a relatively accurate count of lost packets may be determined.
However, due to dependence between pictures, some prop-
erly recerved video packets may still be unusable 11 a related
video packet 1s lost 1n transmission. As mentioned above, a
P-picture may be produced that references content stored 1n
an I-picture or another P-picture. Furthermore, a B-picture
may reference content contained in two previous pictures for
decoding its video content. Based on these inter-packet rela-
tionships, if an I-picture 1s lost 1n transmission, P-pictures and
B-pictures that are located 1n positions subsequent to the lost
[-picture (and reference the I-picture) may not properly
decode. So, the video packets that contain these subsequent
P-pictures and B-pictures may also be designated as lost since
the contained pictures may not properly decode. Once the
next video packet containing an I-picture 1s detected, video
packets containing P-pictures and B-pictures (that reference
the content of this I-picture) may be properly decoded.

Similarly, 1t a video packet contaiming a P-picture 1s lost, all
subsequent P-pictures and B-pictures (that reference this
P-picture) are designated as lost. Once another I-picture 1s
detected (e.g., to start another sequence), subsequent P-pic-
tures and B-pictures that reference the I-picture may be des-
ignated as detected. So by determining the relationship
among the pictures included in the video packets, a more
accurate count of lost video packets 1s provided. Additionally,
this improved accuracy 1s determined by accessing informa-
tion contained in the header portion of the video packets.
Since each video packet header 1s relatively small in size (e.g.,
number of bytes), the information may be quickly retrieved.
This provides a light weight mechanism to determine the
quality of user experience without having to decode the actual
video content.
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Reterring to FIG. 5, a chart 54 1s presented that compares a
conventional packet monitoring system to a video picture
monitor such as video picture monitors 34 and 36 (shown in
FIG. 3). While the conventional packet monitoring system
designates a video packet as lost 1f 1t does not arrive at a
destination computer system, the video picture monitor addi-
tionally i1dentifies and uses inter-picture relationships to
determine 11 a picture (or a portion of a picture) 1n a recerved
packet should be designated as lost or detected. Columns 56
and 58 of chart 54 1dentily the individual packets included 1n
exemplary video packet sequence 52 (shown 1n FIG. 4) and
the type of pictures included 1n each video packet. Chart 54
also includes a column 60 that identifies 1 the corresponding
video packet 1s designated as lost or detected by the conven-
tional packet monitoring system. Similarly, column 62 1den-
tifies 1t the packet 1s designated as lost or detected by the
video picture monitor that incorporates inter-picture relation-
ships 1nto its determinations.

For illustrative purposes video packets 1 and 11 have been
designated as being lost during transmission from a source
computer system (e.g., computer system 12) to a destination
computer system (e.g., computer system 16). In contrast
video packets 2-4,10, 12 and 13 are designated as not lost and
as being recerved by the destination computer system. As
shown i column 60, the conventional packet monitoring
system 1dentifies packets 1 and 11 as lost due to respective
gaps 1n the sequence of recerved video packets. Also, the
conventional packet monitoring system designates packets
2-4, 10, 12 and 13 as detected packets since the packets are
properly received by the destination computer system. How-
ever, since the conventional packet monitoring system does
not account for inter-picture relationships, relational affects
of lost packets 1 and 11 are notidentified or used to determine
if the received packets are decodable.

As shown 1n column 62, the video picture monitor 1denti-
fies inter-picture relationships and uses the relationships to
designate the picture (or portion of the picture) 1n the video
packets as lost or detected. Similar to the conventional packet
monitoring system, in this example the video picture monitor
determines that packets 1 and 11 are lost since neither 1s
received by the destination computer system. Due to the lost
video packets, gaps appear in the sequence of received video
packets. However, 1n contrast to the conventional packet
monitoring system, the video picture monitor determines
from the recerved video packets (e.g., packets 2-4) that lost
video packet 1 contains an I-picture. Additionally video pack-
cts 2, 3, and 4 are respectively 1dentified as B and P pictures
from the picture type information stored in the packet head-
ers. Each of packets 2, 3, and 4 relate directly or indirectly to
the missing I-picture (video packet 1) and none of these
packets contain an I-picture. Since packets 2, 3, and 4 refer-
ence the contents of lost I-picture packet 1, the video picture
monitor designates each of these packets as lost. Further-
more, although not shown in chart 54, packets 5-9 would also
be designated by the video picture monitor as lost unless one
or more of these subsequent packets contains an I-picture.

Similar to the conventional packet monitoring system, the
video picture monitor identifies and designates packet 10 as a
detected packet and packet 11 as lost since the packet was not
received by the destination computer system. However, while
the conventional packet monitoring system designated the
subsequently received packets (e.g., packets 11, 12, and 13)
as detected, the video picture monitor uses the inter-picture
relationships between packet 11 and the subsequent packets
to determine their designations. From header data contained
in one or more of these subsequent packets (e.g., video packet
12, video packet 13, etc.), the video picture momitor deter-
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mines that packet 11 contains a P-picture. Thus, 11 a depen-
dent video packet following packet 11 contains a P-picture or
a B-picture, the video content contained in either type of these
video packets may not be correctly decoded. So, after a P-pic-
ture 1s designated as lost, each subsequent, dependent video
packet containing a P-picture or a B-picture 1s designated as
lost until a video packet containing an I-picture 1s detected. In
this example, the video picture monitor designates video
packet 12 and video packet 13 as lost since each respectively
contains a B-picture or a P-picture that reference the lost
packet 11. Once a video packet 1s detected that contains an
[-picture, the video picture monitor designates that packet as
detected and continues monitoring subsequent video packets
applying the rules described above.

Along with being lost 1n transmission, designating a video
packet as lost or detected may depend upon a timely receipt of
the video packet. For example, the conventional packet moni-
toring system may designate the content (or a portion of the
content) of a video packet as lost if the packet 1s received later
than a predefined arrival time threshold at the destination
computer system. If this late arriving video packet contains an
[-picture or a P-picture, subsequent video packets may not be
correctly decoded since the I-picture or P-picture content 1s
unavailable due to the discarded packet. In contrast, since the
video picture monitor determines the type of picture con-
tained 1n a video packet, a late arriving video packet may be
interrogated to determine the picture contained 1n the packet.
If the picture 1s 1dentified as an I-picture or P-picture, the
video picture monitor may use this video packet based on
inter-picture relationships with pictures in other video pack-
cts. Along with weighting delayed video packets based on
picture type, different types of video packets and packet loss
at diflerent locations may also be weighted.

In the above-described exemplary video picture momnitor,
the header of each video packet was accessed to determine 11
the packet contained an I-picture, a P-picture, or a B-picture.
Using this information the video picture monitor determines
the relationship of the content stored 1n the video packets.
However, rather than determining the relationship among
pictures, 1n some arrangements, the video picture monitor
may determine relationships among portions of one or more
pictures. For example, 1n compression formats such as H.264
(also known as MPEG-4 Part 10) a picture 1s segmented 1nto
portions that are typically referred to as macro-blocks. Simi-
lar to the I, B, and P pictures, the video content of two or more
macro-blocks may be related. Additionally, macro-blocks
included in the same or different pictures may be related. So
rather than determining inter-picture relationships, the video
picture monitor may determine inter-macro-block relation-
ships.

Similar to the above-mentioned MPEG compression for-
mats, the H.264 standard, which was produced by the ITU-T
Video Coding Experts Group (VCEG) and the ISO/IEC Mov-
ing Picture Experts Group (MPEG), also uses three picture
types (1.e., I-picture, P-picture, and B-picture). However, the
H.264 format incorporates a data field 1n each video packet
header to store data that represents the relationship of the
macro-block stored in the video packet and macro-block con-
tained 1 another video packet or the same packet. For
example, an mteger “0” may be stored in the data field to
represent that the contents of the macro-block 1s not refer-
enced by one or more other macro-blocks. Alternatively, a
non-zero integer may be stored 1n the data field to represent
that one or more other macro-blocks (included 1n other video
packets) depend upon the contents of this video packet. Thus,
if a video packet 1s lost that contains a non-zero integer in this
header field, the video picture monitor designates the content
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of the subsequent dependent macro-blocks as lost. However,
even 1f some macro-blocks are lost, a partial picture may be
produced by decoding the detected macro-blocks.

Other compression formats may also implement segment-
ing pictures mnto macro-blocks. For example, packet streams
that implement MPEG-1 and MPEG-2 are typically broken
into groups of video sequences. Each video sequence 1s com-
posed of a series of pictures that are known as Groups of
Pictures (GOP’s) and each GOP 1s composed of a series of
pictures. Each picture includes one or more macro-blocks and
one or more of the macro-blocks may be grouped to form a
slice. For MPEG-4, transported packet streams that imple-
ment RTP use the Combined Configuration/Elementary
stream mode. A video sequence 1s treated as a collection of
one or more video objects. An mstance of a video object at a
particular point in time 1s called a Video Object Plane (VOP).
Typically for many simple profiles (Simple, Advanced
Simple and Advanced Real Time Simple) each VOP repre-
sents a rectangular frame of video. Each VOP includes a
series of video packets that each include one or more macro-
blocks. The H.264 format encodes a rectangular frame (of
progressive or interlaced video) or a field of interlaced video
to produce a coded picture. A coded picture may be used as a
reference for inter-coding of future coded pictures. If used in
this manner, the picture 1s designated a reference picture.
Reference pictures may be organized into one or two lists that
are typically i1dentified as list 0 and list 1. A coded picture
consists of a number of macro-blocks that are arranged nto
slices. Similar to pictures, slices may be designated as
I-slices, P-slices, and B-slices. An I-slice may contain only
I-type macro-blocks while a P-slice may contain P- and I-type
macro-blocks. Similarly, B-slices may contain B- and I-type
macro-blocks.

Referring to FIG. 6, a flow chart 64 presents some of the
operations performed by a video picture monitor such as
video picture monitors 34 and 36 (shown in FIG. 2). As
mentioned above, the video picture monitor may be executed
by a destination computer system (that receives a sequence of
video packets) to monitor the viewing experience of an end
user. Also, the video picture monitor may be executed by
another computer system (or multiple computer systems) to
monitor packet loss between the source of the video packets
(e.g., computer system 12) and the one or more destinations
(e.g., computer system 16) of the video packets. Independent
of 1ts location, the video picture monitor receives 66 a video
packet to determine the relationship between picture content
in the recerved packet and other picture content recerved by
the computer system. Receiving the video packet may include
receiving the video packet as 1t arrives at the computer (e.g.,
from network 10) or receiving the video packet as it 1s
retrieved from a storage device (e.g., storage device 26).

The video picture momtor determines 68 if the received
packet 1s the appropriate first video packet 1n a sequence of
video packets. For example, for MPEG-1 and MPEG-2 for-
mats, the first packet in a sequence of video packets typically
includes data that represents basic information such as the
s1ze of the video sequence (e.g., height, width, etc.), the frame
rate, and other similar information. If the first packet that
includes this information 1s not received, video content asso-
ciated with each packet that 1s received (along with the packet
itsell) 1s designated 70 as lost until this first packet 1s recerved.
Similarly for an MPEG-4 format, decoding 1s not initiated
until an RTP packet 1s recerved that contains configuration
information (e.g., Visual Object Sequence Header, Visual
Object Header, Video Object Layer Header, etc.). Packets
(along with the contained video content) that are received
betore a packet that contains these headers are designated as
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lost 70. In some applications this delay may increase wait
time until a video stream 1s presented. For example, 1n an
interactive application, 1f the first packet containing this infor-
mation 1s lost, video presentation 1s halted until the configu-
ration information 1s recerved. For the H.264 format, param-
cter sets such as a sequence parameter set (applicable to coded
video sequences) and picture parameter set (applicable to a
sequence ol coded pictures) may be contained 1 a first
packet. If this first packet 1s not recerved (along with the
correspondingly information), content of received packets 1s
designated as lost 70 until receipt of this first packet. Alter-
natively, for each of these exemplary formats, this configura-
tion mformation may be provided by a dedicated signal or
channel, or by other similar methodologies known to one
skilled 1n the art of video streaming over a network.

The video picture monitor also accesses 72 the header
portion of the received video packet to retrieve data that
represents the dependence among the picture(s) (or picture
portions) in the received packet and one or more pictures (or
picture portions) 1n other video packets. By interrogating the
retrieved header data, the video monitor may determine 74 11
the retrieved header data 1s properly formatted. For example,
the video picture monitor may determine 11 the retrieved data
appears to comply with the compression format used to trans-
mit the video packet. 11 the data 1s not properly formatted, for
this exemplary video picture monitor, the video content asso-
ciated with the picture (or picture portion) 1s designated 70 as
lost and the content of the picture (or picture portion) 1s not
decoded and not used for presentation. After designating the
picture (or picture portion) as lost, the video picture monitor
returns to receive 66 another packet.

If the header data 1s properly formatted, the video picture
monitor determines 76 11 the content of the picture (or picture
portion) 1s dependent upon content contained 1n another pic-
ture or picture portion. For example, the video picture moni-
tor may determine the recerved video packet contains a P-pic-
ture or a B-picture and that packet complies with one of the
MPEG standards. Further, the video picture monitor may
determine from header data that decoding the content of the
video packet 1s dependent upon video content stored in
another video packet or a portion of the same packet. I the
content of the recerved video packet 1s not dependent upon the
contents ol another video packet (or portion of the same
packet) (e.g., the recerved video packet contains an I-picture),
the video picture monitor designates 78 the video content as
detected.

If the contents of the received packet does depend on the
contents of another picture (or portion of a picture), the video
picture monitor determines 80 1f this associated picture (or
picture portion) has been detected. It the associated picture
(or picture portion) has been detected, the dependent content
may be used for decoding the contents of the received packet.
Thereby, the video picture monitor designates 78 the video
content associated with the received video packet as detected.
If the associated picture (or picture portion) has not been
detected, the video content of the recerved video packet may
not be properly decoded and the video picture monitor des-
1gnates 70 the picture (or picture portion) associated with the
received packet as lost. After designating the video content of
the received packet as detected or lost, the video picture
monitor returns to receive 66 another video packet and con-
tinues.

By quantitying the lost video content based on lost video
packets and inter-picture (and/or inter-picture portion) rela-
tionships, a figure of merit may be produced to quantily the
quality of a video session that 1s experienced by an end user.
For example, a numerical integer between two and ten may be
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computed to represent the quality of a video session. This
integer may be used as an independent video quality metric,
or, in other arrangements, the integer may be used as a base-
line to compare against future and/or previously computed
video quality metrics.

Along with video content loss (determined from packet
loss and inter-picture and/or inter-picture portion relation-
ships), other factors may be included in determining a figure
of merit. For example, factors such as latency and jitter may
be incorporated into a metric calculation. In general, latency
may include encoder delay, delays experienced by IP stacks
(transmit and/or receive), network delay, jitter butler delay,
and delay introduced by a decoder. Dependent upon the appli-
cation, latency may be experienced due to uni-directional
transmitting of video content (e.g., video-on-demand ser-
vices, broadcast video applications, etc.) or by bi-directional
transmission (e.g., interactive video applications).

As mentioned, similar to latency, jitter may be included as
a factor to calculate a video session figure of merit. In general,
jitter may be defined as the variance of latency 1n a network.
To offset the affects of jitter, bulfers may be positioned at
certain locations within a network (e.g., at network endpoints,
etc.) so that butfered packets may be accessed at substantially
the same rate at which they are transmitted. However, the
introduction of these bulifers atfect the quality of a presented
video session. For example, to combat a significant amount of
jtter, a relatively large buffer may need to be introduced that
may introduce additional latency. Furthermore, these butlers
may discard packets that arrive after a predefined arrival time
threshold. By discarding video packets, the overall packet
loss may be increased due to these builfers. Thus, by including
ntter and latency with loss content, a figure of merit that
represents the video experience provided to an end user 1s
more accurately calculated.

A number of implementations have been described. Nev-
ertheless, 1t will be understood that various modifications
may be made. Accordingly, other implementations are within
the scope of the following claims.

What 1s claimed 1s:
1. A method of monitoring video packets for quantifying
video quality, comprising;:

accessing data in a portion of a header of a first video packet
included 1n a sequence of video packets, wherein the
header 1s separate from video content stored in the first
video packet; and

determining from the accessed data, an inter-packet rela-
tionship between a portion of a picture included 1n the
first video packet and at least a portion of a picture
included 1n a second video packet that 1s included 1n the
sequence of video packets based on picture types of a
compression technique associated with the sequence of
video packets, wherein the inter-packet relationship
indicates whether to use a portion of the video content
stored 1n the first video packet.

2. The method of claim 1, further comprising;

determining from the accessed data, arelationship between
a portion of the picture included 1n the first video packet
and a portion of a picture included 1n a third video packet
that 1s included 1n the sequence of video packets.

3. The method of claim 1, further comprising:

designating the video content portion of the first video
packet as lost based on the relationship between the
picture portions included in the video packets.
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4. The method of claim 1, further comprising;

designating the portion of the first video packet as lost

based on the relationship between the picture portions
included in the video packets and the absence of the
second video packet.

5. The method of claim 1, further comprising:

designating the portion of the first video packet as detected

based on the relationship between the picture portions
included 1n the video packets.

6. The method of claim 1, further comprising:

designating the portion of the first video packet as detected

based on the relationship between the picture portions
included in the video packets and the detection of the
second video packet.

7. The method of claim 1, wherein accessing the data in the
portion of the header of the first video packet includes 1den-
tifying a type of picture contained in the first video packet.

8. The method of claim 1, wherein accessing the data 1n the
portion of the header of the first video packet includes 1den-
tifying a macro-block contained 1n the first video packet.

9. The method of claim 1, wherein the portion of the picture
in the second video packet includes an independent picture, a
dependent picture, an I-picture, a P-picture, or a B-picture.

10. The method of claim 4, wherein the first video packet
includes a P-picture and the second video packet includes an
[-picture or a P-picture.

11. The method of claim 3, further comprising:

designating a portion of a third video packet that 1s

included 1n the sequence of video packets as lost unless
the third video packet includes an I-picture.

12. The method of claim 1, wherein the portion of the
picture 1n the first packet and the portion of the picture in the
second packet are included 1n the same picture or 1n separate
pictures.

13. The method of claim 1, wherein the portion of the
picture in the first packet includes a macro-block.

14. The method of claim 1, wherein the sequence of video
packets are received by a destination computer system.

15. The method of claim 1, wherein the sequence of video
packets are recerved by a computer system, different from a
destination computer system of the sequence of video pack-
ets.

10

15

20

25

30

35

40

16

16. The method of claim 1, wherein the sequence of video
packets 1s compressed.

17. The method of claim 1, wherein the sequence of video
packets 1s compressed to comply with an MPEG format, an

H.264 format, or a Window Media Video format.

18. The method of claim 1, wherein the second video
packet 1s located betore the first video packet 1n the sequence
of video packets.

19. A system for monitoring a sequence of video packets
for quantitying video quality, comprising:

a video picture monitor configured to access data 1n a
portion of a header of a first video packet included 1n the
sequence of video packets, wherein the header 1s sepa-
rate from video content stored 1n the first video packet,
the video picture monitor 1s also configured to determine
from the accessed data, an inter-packet relationship
between a portion of a picture included in the first video
packet and at least a portion of a picture included 1n a
second video packet that 1s included 1n the sequence of
video packets based on picture types of a compression
technique associated with the sequence of video pack-
ets, wherein the inter-packet relationship indicates
whether to use a portion of the video content stored in the
first video packet.

20. A non-transitory computer readable medium encoded
with a computer program product having a plurality of
instructions, when executed by a processor, cause that pro-
cessor to:

access data 1in a portion of a header of a first video packet
included 1n a sequence of video packets, wherein the
header 1s separate from video content stored in the first
video packet; and

determine from the accessed data, an inter-packet relation-
ship between a portion of a picture imncluded 1n the first
video packet and at least a portion of a picture included
in a second video packet that 1s included 1n the sequence
of video packets based on picture types of a compression
technique associated with the sequence of video pack-
cts, wherein the relationship indicates whether to use a
portion of the video content stored in the first video
packet to quantily video quality.
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